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Inspirational Quotes

“To nature, who gives us marvelous complexity,
All the while making it look easy.”
- Greg Ward, “Rendering with Radiance” book dedication

“Without lamps, there’d be no light.”
- John Bender, “The Breakfast Club”

“In 1935, Germany renamed their ‘Ministry of Defense’ to
‘Ministry of War’, which showed commendable honesty.”
- Stephen Bugnay, “The Most Dangerous Enemy”
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What is OpenStudio?

* An application suite
software development
kit (SDK)

* Intended to increase

simuwatt*

d d 0 ptl on Of d dva n Ced Advanced SketchUp Plug- Mobile Audit Web Services
: : Analysis In & Visual and PV & Portfolio
simu I ation too I S Functionality Applications Assessment Analysis Tools

(Radiance, EnergyPlus) Tool

* Enable reliable and
integrated building
energy modeling

* Free, open source
EnergyPlus

* Windows, MacOS,
Linux

Broad Market Penetration =—>

OpenStudio SDK

Experts User Expertise » Beginners

http://openstudio.nrel.gov * simuwatt is a commercial product being developed using the SDK by concept3D
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Geometry Creation and Attribute Assignment with SketchUp...
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Credit: David Goldwasser / NREL
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...or import your existing BIM model...

gbXML Import from BIM '—‘1'

OpenStudio

Constructions Stories

Credit: Dan Macumber / NREL

* BIM/BEM interoperability creates a seamless and |_> gbXML Export from OpenStudio
efficient workflow for architects and engineers

* Also supports CEC Title 24 SDD format
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The OpenStudio Application
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High Level Simulation Summary

Natural Gas Consunption (MBLu) Cpen Resibsfiever
for Detaled Raports

M Hestng
W Codimg
Iveece Lghong
© Extenor Lightrg
B Inerce Equpoent
© Extenice Ecupment
B Fans
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W B3 Pejection
W Bndfcebion
B Hed Recorey
U Water Spzens
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Q-
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Hectricity Consumption (KWh x000)

43010404 433504048 190140 +04 ZE22¢ +04 23610 +04 1989 +04 21430 +04 2167 +04 2055 +04 2.779% +04 19050 +04 4241 +04 3701 +05

Natural Gas Consumption (MBtu x000 000)

Credit: David Goldwasser / NREL
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Addressing Reliability Barriers

* What about reliability and repeatability?
* Input data remains a serious issue for modelers
e Garbage In = Garbage Out = Quality In = Quality Out

* Solution: Standardized, versioned, and citable input data
and seamlessly link it to modeling and analysis tools

Input

Consistent

NATIONAL RENEWABLE ENERGY LABORATORY



The Building Component Library (BCL)

* Components:

* Assembled to form
complete energy
models

* Include constructions,
lights, schedules,
weather data, PV
components, and
more

Building Component Library

measure.

Search fora Filter results and Add component Run simulation

component or lownloac data to your and review

enel the speific file or building energy results. The Building Component Library is a repository of building data used to
conservation files you need. model.

LINREL

Login | Register

Welcome, Guest!

{ Enter the terms you wish to search for.

Building Component Library

create building energy models. The data are broken down into separate
components that represent parts of a building: windows, wals, schedules, and
weather information are a few examples.
ﬁ* @ Search for components by type or keyword and use the facets to narrow
down your search. Once you find the components you need, download them
and insert them in your energy model.

Components

Total Components 28,652

The components are designed to provide data to the energy
modeler and simplify the process of gathering inputs. The
range of components goes from whole buildings to detailed
files, like duct sealing components.

& Developer Access [}

Energy Conservation Measures

Total Measures 1

News view all @

Energy saving measures are packages that have been
created to try one or a package of energy saving measures
to your model. An example would be a measure that adds
overhangs to all your windows.

Initial Component Upload Complete

B Components

* Mleasures:

* Contain logic needed
to transform an
energy model easily
and consistently

* Can be applied singly
oras partofa
parametric analysis

Fan

ASHRAE 90.1 Constructions Exterior Wall Steel-Framed NR

Attributes

Standard
Construction
Construction type
Effective r-value

Insulation minimum r-value

ASHRAE 90.1 Constructions
Exterior Wall
Steel-Framed

0.4421 ft*2 F h/Btu

R ft*2 F h/Btu

Click to view more images Film coefficients false
nStudio Type 0S:Construction
Fidelity level: e
— — - Source
User Rating Files
ASHRAE 90.1 Constructions_Exterior
Downloads: 7 Wall_Steel-Framed_NR v7.0.0.036.idf o &/P us 7.0-0.036
ASHRAE 90.1 Constructions_Exterior
Component Types: Wall_Steel-Framed_NR v0.7.0.0m  OPenotudio 07.0
Construction Assembly ASHRAE 90.1 Constructions_Exterior
Wall Wall_Steel-Framed_NR v0.7.0.0sc  CPerorudio0.7.0
Exterior Wall

Efficiency 08

Plug Load
Schedule

Service Water
Heat Temperature
b Office Lighting
Power Density (LPD)

South Facade
Window to Wall Ratio

East and West
Shading Fin
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Parametric Analysis Capability

OpenStudio Parametric Tool ]

File Preferences Help

w, Organize and Edit Measures for Project

L ARG G M baseline_model_file_name.osm

Select measures from
[ Change Window-to-Wall-Ratio l

"N vescription BCL and apply them to

Set the building's window-to-wall ration to

¥ Model Scripts/Measure Groups

v| Change Window-to-Wall-Ratio | o ‘ In C?Ejzl:ef(rjom [Window‘to‘WaII Ratio) on the {Facade} site yo u r b a S e I | n e m O d e I
0.1 Window-to-Wall Ratio (x) Top to Bottom of the building.
0.2 Window-to-Wall Ratio (x]

| Drop Measure from Library i

v 1]
| Rooftop Unit Switch 10 ¥ OpensStudio Parametric Tool
Rooftop Unit 1 o File  Preferences Help
e o ST - r— o B
Rooftop Unit 3 Q
- Select Report Type A
! Drop Measure from Library [ Cr L { s Repon e o J \’

w OpenStudio High-level Comparison

Baseline Model

B{o{m(=|

| Drop Measure from Library i Name baseline_model_file_name.osm Al IOWS YOU to |nSpeCt
T Annual Total Energy Cost ($) $100,000 3
- Annual Electricity Use (kWh) 500,000 KWh measures applled toa
» IDF Scripts, Pre E“ergyplus Groups Annual Electricity Peak Demand (kW) $100,000 S pec|ﬁ ca Ite rn at—lve
w Applied to Baseline Annual Natural Gas Usage (Therms) 25,000 Therms
Model Script 1 Site EUI (kBtu/ft2*yr) 100 kBtu/ft2*yr
Annual Electricity Annual Electricity Annual Natural - S
8 Annual Energy - 4 Site EUI Reduction
v [ New G Name Measures Applied Use Reduction Peak Demand Gas Usage Reduction -
l A RO, Cost Reduction ($) | () Reduction (kW) | (Therms) (CEgiE)
' Drop Measure from Library H
e e e T e e e M.ZWWRonNonhFacade $5,000 5% $15,000 3% 9 6% 6,250 25%
» IDF Scripts, Post EnergyPlus Groups
alternative? file ., = M1.3-0.3 WWR on North Facade $4,000 4% $10,000 2% 6 4% 5,000 25%

M1.4-0.4 WWR on North Facade

M1.4-0.4 WWR on North Facade

alternative3 file ., =~ M24-0.4 Other Measure Name
M3.2-0.4 Other Measure Name

M1.4-0.4 WWR on North Facade

Compare energy atematived fle-. | 3.0 tter Measare Name
performance, cost s fepart tame

» Other Report Name

reduction, and paybacks 2 CtherfoportName )

Credit: Marjorie Schott/ NREL
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Radiance For Daylighting Analysis

Average Workplane Illuminance
»g/Desktop/SimBuild/openstudio.rerun/classroom1/radiance/output/ts/OS_Space_1/maps/OS_Space_
5,000

|{ 4,000

e The same model can also be

used for detailed
daylighting analysis with
Radiance

* No need to maintain two
separate models

Radiance
Output
Credit: Rob Guglielmetti / NREL

OpenStudio Model for
EnergyPlus or Radiance
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What’s New with OpenStudio/Radiance

Completely new 3-phase Support, using rfluxmtx
* OpenStudio Radiance ForwardTranslator updated
* Annual simulations use rfluxmtx
* Generic BSDFs for the NREL Building Component Library (BCL)

* Focus on numbers, not images (although data can render beautiful and
informative images!)

GitHub mirror of Radiance source repository
e Release tags

* Revision history
* |nstallers

OpenStudio (main) -- http://openstudio.nrel.gov
OpenStudio (GitHub) - https://github.com/NREL/OpenStudio
Building Component Library -- https://bcl.nrel.gov/

Radiance Git Mirror -- https://github.com/NREL/Radiance
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3-Phase Workflow

Create (or import) model:
* geometry, spaces, thermal zones

® 006 Untitled - SketchUp Make

NGBS AL CHLERB DL

® @ @\0 Drag in direction to pan Measurements
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3-Phase Workflow

Assign Materials
 Room surface
reflectances
* Glazing
VLT
o clear/diffuse
e Can get from BCL

Assign Schedules
* People (occupancy)
* Plugloads
e Lighting
 Window Shading

HVAC
 Templates, GUI editor

® OO0 OpensStudio Inspector

Select Type

0S:Daylighting:Control (1)

0OS:Glare:Sensor (0)

OS:llluminanceMap (1)

OpenStudio Materials

OS:Material (242)

OS:Material:AirGap (2)

OS:Material:AirWall (1)
OS:Material:InfraredTransparent (0)
OS:Material:NoMass (2)
OS:Material:RoofVegetation (0)
0OS:WindowMaterial:Blind (0)
0OS:WindowMaterial:Gas (0)
0OS:WindowMaterial:GasMixture (0)
0OS:WindowMaterial:GlazingGroup:Thermochromic (0)
0OS:WindowMaterial:Glazing:RefractionExtinctionMethod (0)
0OS:WindowMaterial:Screen (0)
0OS:WindowMaterial:Shade (0)
0OS:WindowMaterial:SimpleGlazingSystem (30)
OpenStudio Output Requests

0OS:Meter (0)

0S-Outnut-Variahle (0)

[
Select Object
I EEEEEEEEE————GG—m—=G=G————..

0S:WindowMaterial:Glazing

| Name A " Comment

Clear 3mm 3 (0)
diffuse (0)

Diffuse 3mm 1 (0)

Theoretical Glass [167] (1)
Theoretical Glass [167] 1 (0)
Theoretical Glass [197] (1)
Theoretical Glass [202] (1)

cEe®

Edit Object
I ——————

0.11811023622047226 in

Solar Transmittance at Normal Incidence

0.83700000000000019

Front Side Solar Reflectance at Normal Incidence

0.075000000000000011

Back Side Solar Reflectance at Normal Incidence

0

Visible Transmittance at Normal Incidence

0.89800000000000024

Front Side Visible Reflectance at Normal Incidence

0.081000000000000016

Back Side Visible Reflectance at Normal Incidence

0

Infrared Transmittance at Normal Incidence

0

Front Side Infrared Hemispherical Emissivity

0.84000000000000019

Back Side Infrared Hemispherical Emissivity

0.84000000000000019

Conductivity

6.2401246186643808 Btu-in/ft>-h-R

Dirt Correction Factor for Solar and Visible Transmittance

1

Solar Diffusing

| Yes ]




3-Phase Wor

kflow

Add daylighting analysis
objects
* llluminance Maps
(analysis grids)
e Daylighting Control
Points (photosensors)
e Glare Sensors

e O 0 OpenStudio Inspector

Select Type

I ———————————————————
0S:Daylighting:Control (1)
0OS:Glare:Sensor (0)

OpenStudio Materials

OS:Material (242)

OS:Material:AirGap (2)

OS:Material:Airwall (1)
0OS:Material:InfraredTransparent (0)
0OS:Material:NoMass (2)

0S:Material:RoofVegetation (0)
0S:WindowMaterial:Blind (0)

0S:WindowMaterial:Gas (0)
0OS:WindowMaterial:GasMixture (0)
0S:WindowMaterial:Glazing (15)
0OS:WindowMaterial:GlazingGroup:Thermochromic (0)
0OS:WindowMaterial:Glazing:RefractionExtinctionMethod (0)
0S:WindowMaterial:Screen (0)
0S:WindowMaterial:Shade (0)
0S:WindowMaterial:SimpleGlazingSystem (30)
OpenStudio Output Requests

0S:Meter (0)

0OS:Outnut-Variahle (0)

[
Select Object
I ————————————

OS:llluminanceMap

Name A Comment

Edit Object
e ——————

OS:llluminanceMap
Name

Illuminance Map 1

Space Name

| Space 1 D

Origin X-Coordinate
1.6522027670857935 ft

Origin Y-Coordinate
3.537414793356632 ft

Origin Z-Coordinate
2.5000000000000004 ft

Psi Rotation Around X-Axis

0 deg

Theta Rotation Around Y-Axis
-0 deg

Phi Rotation Around Z-Axis

0 deg
X Length
25.196850393700789 ft

Number of X Grid Points
8

Y Length
12.598425196850394 ft

Number of Y Grid Points
4




3-Phase Workflow

Set simulation parameters
o Radia nce ® 00 “@ workshop.osm !

Simulation Settings _

e EnergyPlus
* General (weather/
site, etc)

aa

‘C) Coarse (Fast, less accurate)
O Fine (Slow, more accurate)
(+) Custom

Direct Threshold:
.000000

Direct Jitter:

1.000000 1.000000

®(

Direct Pretest: Ambient Bounces VMX:
1.000000

e

Ambient Bounces DMX: Ambient Divisions VMX:
5536

Ambient Divisions DMX: Ambient Supersamples:
024

EE

)

Limit Weight VMX:
.000015 .000100

Sky Discretization Resolution:

(146 ¢

9 {O(#(

Simulation Control

Program Control
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3-Phase Workflow

OpenStudio -> Radiance “Forward Translator”
* Handles conversion of model from OpenStudio format

to Radiance “project”
* Geometry
e Materials
* Analysis objects
 Weather
e Schedules

* Uncontrolled windows are placed together:
e Glass/trans materials are used
« WGO
e Controlled windows are logically grouped by:
* Space/Orientation/VLT/Distribution/Schedule

e Generic BSDFs are used
* Clear glass, Clear glass w/ venetian blind
e Pulled from BCL

« WG1, WG2, etc...
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3-Phase Workflow

® 006 Untitled - SketchUp Make

» /OB O RO ERBPZLHNES ®B

Diffuse skylights and daylight clerestory (WGO)

Clear view glazing with
blind, south-facing (WG2)

Clear glazing with
blind, east-facing
(WG1)

Drag in direction to pan Measuremen ts ‘
OO @ orag p
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3-Phase Workflow

Run
* Select “Radiance” as daylight simulation engine
* Click the “Run” button
* Impress your friends

e 00 “& workshop.osm o

Select Daylight Simulation Engine () EnergyPlus () Radiance

Warnings: 0
Errors: 0
Output

Ruby-0/in/model/radiance/gen_eplus/3-EnergyPlus-0/eplusout.sqgl

Cetting weather file

Weather file is not empty

Path to weather file is: /Users/rgugliel/Desktop/workshop/files /USA_CO_Colden-NREL.724666_TMY3.epw using
osmpath: [private/var/folders/ds/n9tsmxrn2ml1fpqh5wl4g9r9g6n7b6/T/OpenStudio.gg6768/resources frun/1-
Ruby-0/in

epwFile is not empty

EPW From model not found

Executing epw2wea: [usr/local/radiance/bin/epw2wea

place Denver Centennial Golden Nr_USA

latitude 39.74

longitude 105.18

time_zone 105.00

site_elevation 1829.0

weather_data_file_units 1

city: Site 1

latitude: 39.74

longitude: -105.18

elevation: 1829 meters

timezone: CMT -7

2014-09-01 14:04:56 UTC: no spaces specified, calculating all spaces (could take a while):
2014-09-01 14:04:56 UTC: checking for radiance

RADIANCE 4.3a lastmod Thu Aug 21 20:00:13 MDT 2014 by rgugliel on rgugliel-25367s
2014-09-01 14:04:56 UTC: radiance... ok.

2014-09-01 14:04:56 UTC: no options file provided, reading from model

Running radiance in directory '/private /var/folders/ds/n9tsmxrn2ml1fpghSwl4g9r9q6n7b6/T/
OpenStudio.gg6768/resources/run/1-Ruby-0/in/model/radiance’

MP Radiance using 7 core(s)

computing daylight matrix for window group WG1...

computing daylight matrix for window group WG2...
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3-Phase Workflow

Review Results
OpenStudio produces annual illuminance schedules for each window group and shade
combination

Visualization and WG combination routines are being developed for the Fall ‘14 Release
(v1.5, end of September 2014)

Space-level lighting schedules are generated and embedded in OpenStudio model, for use in
EnergyPlus building energy simulations

WGO (uncontrolled) WG2 (south) WG1 (east)
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How’d ya do that?

OpenStudio SDK

New utilities in Radiance

Forward Translator
DaylightSim.rb

rfluxmtx, rmtxop

WABLE ENERGY LABORATORY

cl_Tn0.25_blinds.xml
cl_Tn0.25.xml
cl_Tn0.32_blinds.xml
cl_Tn0.32.xml
cl_Tn0.90.xml
mapping.rad

gen_eplus

in.wea

materials

. materials_vmx.rad

R materials_WGO0.rad

. materials.rad

model.rad

B numeric

merged_space.map
Space_1.map
Space_1.sns
WGO.pts
WG1.pts
WG2.pts

octrees

options

s WGO0.vmx
WG1.dmx
s WG1l.vmx
WG2.dmx
] WG2.vmx
A radout.sql
L B

@ scene

@ glazing
R WGo.rad
B WG1.rad
B WG2.rad
B Space_1_geom.rad

B skies

Yesterday, 11:30 PM
Yesterday, 11:30 PM
Yesterday, 11:30 PM
Yesterday, 11:30 PM
Yesterday, 11:30 PM
Yesterday, 11:30 PM
Yesterday, 11:30 PM
Aug 31, 2014, 10:27 PM
Yesterday, 11:30 PM
Yesterday, 11:30 PM
Yesterday, 11:30 PM
Yesterday, 11:30 PM
Yesterday, 11:30 PM
Yesterday, 11:30 PM
Yesterday, 11:30 PM
Yesterday, 11:30 PM
Yesterday, 11:30 PM
Yesterday, 11:30 PM
Yesterday, 11:30 PM
Yesterday, 11:30 PM
Yesterday, 11:30 PM
Yesterday, 1:16 AM
Yesterday, 11:30 PM
Today, 12:55 AM
Today, 12:56 AM
Yesterday, 11:30 PM
Yesterday, 11:30 PM
Yesterday, 11:30 PM
Yesterday, 11:30 PM
Yesterday, 11:30 PM
Yesterday, 11:30 PM
Today, 12:55 AM
Yesterday, 11:30 PM
Yesterday, 11:30 PM
Yesterday, 11:30 PM
Yesterday, 11:30 PM
Yesterday, 11:30 PM
Yesterday, 11:30 PM
Yesterday, 11:30 PM

620 KB
595 KB
618 KB
593 KB
616 KB
321 bytes

149 KB
221 bytes
142 bytes
344 bytes
125 bytes

2 KB
2 KB
108 bytes
109 bytes
108 bytes
109 bytes

1 KB
372 bytes
384 bytes
4 KB

Folder

XML Document
XML Document
XML Document
XML Document
XML Document
TextW...ument
Folder

WEA File
Folder
TextW...ument
TextW...ument
TextW...ument
TextW...ument
Folder
Linker...ss Map
Linker...ss Map
Document

PTS File

PTS File

PTS File

Folder

Folder

Folder

Folder
VMwar...ration
TextW...ument
VMwar...ration
TextW...ument
VMwar...ration
TextW...ument
Folder

Folder

Folder
TextW...
TextW...
TextW...
TextW...

Folder




Rfluxmtx Integration

OS::Radiance::ForwardTranslator
* Adds necessary headers for rfluxmtx

# OpenStudio Window Group: WG1
#@rfluxmtx h=kf u=Z o=output/dc/WG1.vmx

# SubSurface = East_ Window

# Tvis =0.25 (tn =0.27)

WG1 polygon East_Window

0

0

12

8.561387500000031 4.110043965327130 2.504345203724800
8.561387500000031 4.110043965327130 0.973995203724805
8.561387500000031 1.633885650643690 0.973995203724805
8.561387500000031 1.633885650643690 2.504345203724800

Clear glazing with
blind, east-facing
(WG1)

NATIONAL RENEWABLE ENERGY LABORATORY



rfluxmtx integration

OS::Radiance::ForwardTranslator

e Materials files
# OpenStudio Materials File

void glass WG1

0

0

3

0.2740.274 0.274
void glass WG2

0

0

3

0.349 0.349 0.349
void plastic refl_0.400
0

0

5
0.4000.4000.40000
void trans glaz_trans_tn-0.978
0

0

7

0.052 0.052 0.052 0.050 0.000 0.950 0.00

# OpenStudio "vmx" Materials File
# controlled windows:

# material="light", black out all

# others.

void plastic WGO
0

0

5

00000

void alias glaz_trans_tn-0.978 WGO

void light WG1
0

0

3

111

void light WG2
0

0

3

# OpenStudio "WGO0" Materials File
# black out all controlled window
groups

void plastic WG1
0
0

5

00000

void plastic WG2
0

0

5
00000
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Next Steps

For Version 1.5.0, due out end of September 2014

e Generate space-level lighting load schedules, based on “on if high solar”
shade control algorithm

* More reliance on new Radiance utilities such as rmtxop for more efficient
matrix processing

* Integrate 3-phase results with EnergyPlus

e Validation

e Simple results visualization tools

For FY2015 (begins October, 2014)

* More validation =)

* GUI support:
e user-assigned BSDFs
* shade schedule creation, assignment

* Non-simple visualization

* Collaboration/support to CBEI (Formerly EEBHub)
* Daysim fork for detailed lighting control placement and control

optimization

* Penn State University — Dr. Rick Mistrick, Craig Casey
* http://cbei.psu.edu/
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Radiance on GitHub

* Mirror of Radiance CVS source code repository

* Refreshed every 15 minutes

* Full revision history

* Use “combined” branch for latest history!

 NREL installers (Windows, Mac, Unix)

* Release snapshots

* Thanks/fist-bumps to Nick Long (NREL), Zack Galbreath (Kitware),
and US Department of Energy for this resource!

L 9PPOBORO=
ine.org I Weather

L 9POMORO=
o B westhr

B +- & 8w Explore Gist Blog Help Brom + & & B

@Unwatch+ 11 kUnstar 8 YFork ¢ || NREL / Radiance @Unwatch+ 11 kUnstr 8 YFork ¢

= - Drafa now rlease
o
o

EZEXZA 4.2 Official Release
o BaTT ol

+ radlonce4.2b.0iinuxsatargz | # radianced2b0uinzzexe [MNNVESRETETT0Y
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